ABSTRACT
agricultural potential and boosting rice output, have also led to natural resources degradation and 141 affected farmers' livelihood options (Käkönen, 2008) . 
Materials and methods

143
We analysed changes in land-use patterns and the hydrological regime in the VMD based on (Table 1) .
152 Table 1 153 Three study periods identified based on historical events affecting land-use patterns and 154 hydrological regime in the VMD.
155
Period and highlights Historical events
Prior to 1995
• Low rice production • Food security crisis 1967: Introduction of high-yielding rice varieties (HYVs) (Tanaka, 1995) 1975: End of the Vietnam War, start of land reform/collectivization 1986: Start of the Doi Moi economic reform 1988: De-collectivization of land/agricultural production (Pingali and Xuan, 1992) 1995-2000
• Remarkable growth of rice production • Vietnam joined the market-oriented economies 1995-1997: Freshwater supply canals and high dykes reinforced or built throughout the delta (Can et al., 2007) 2000: Resolution 09 allowed high-value farming (fruit and shrimp) to replace low-value farming (rice) (Hoang et al., 2008) 2001: Boom in aquaculture in the coastal zone (Binh et al., 2005) 2001-2012 (Vormoor, 2010) . Another approach is use of satellite images and land-use maps to analyse land-
163
use patterns and the sequence and frequency of changes over time (Sakamoto et al., 2009a) . We 164 adopted different land-use characterization methods for each of our study periods, as different 165 types of data were obtainable. We furthermore examined changes in land-uses in three regions of 166 the delta -the upper delta, the central delta, and the coastal zone -as each represents a different 167 agro-ecological zone (Can et al., 2007) (Fig. 1 ).
168
As statistical data and digital land-use maps were unavailable for the first period, we farming system from 1986 to 1995 (Tanaka, 1995) .
256
In the traditional farming system, famers practised seasonal cropping of local rice varieties.
257
Rice was grown six months of the year, during the rainy season, with only one crop produced HYVs. Then, double cropping shifted to only HYVs, with cultivation planned to avoid peak 269 flooding. In the upper delta, besides growing HYVs, some farmers kept growing 'floating rice', a 270 local variety that could withstand even deep inundation (Chiem, 1994; Tanaka, 1995) . After the the rice-shrimp farming system. Besides, the extensive system which was the brackish 297 aquaculture availing of naturally occurring species had begun its expansion along the coast by 298 the end of this period, (Tanaka, 1995) . while the total area planted to rice increased by 24% ( Table 2 ). The total area planted to rice 312 represents the sum of seasonal rice, summer-autumn rice, and winter-spring rice. In the double 313 rice cropping system, winter-spring rice was cultivated from November/December to 314 February/March, and summer-autumn rice was cultivated from May/June to August/September (GSO, 2012). Thus, the area under seasonal rice diminished whereas the area of the other two 316 rice cropping systems substantially increased.
317
At the provincial level, the total area planted to rice in the central and upper provinces was (Table 2) . Overall, the coastal zone recorded the highest percentage of change in 331 rice cropping, while the largest areas planted to rice were found in the upper and central delta.
332
This trend is explained by the fact that many farmers in the upper and central delta already Vinh, Soc Trang, Bac Lieu, Ca Mau, and Kien Giang) (GSO, 2012).
364
For our spatial analysis, we concentrated firstly on areas that had changed land-use at least a whole, which can be considered highly dynamic (Fig. 4) .
369
The areas that remained unchanged during the 11 years occupied 55.1% of the VMD.
370
Although the highest percentage of unchanged area showed in Fig.2 the area devoted to inland aquaculture, which occupied 13.0% of the total area of the VMD.
Since our spatial data did not provide a detailed classification of aquaculture system types, the change toward intensive shrimp farming system in this period is not visible in our mapping ranging from unchanged (white) to more than 8 changes (purple) for the reported period.
387
To quantify land-use dynamics, we looked at the numbers of changes observed in the various 388 zones over the 11 years (Fig. 3) . In the VMD, 55% of the area did not change during the 11 389 years, while 45% changed at least once. The least dynamic areas that changed only once during and the Plain of Reeds. Normally, water levels in the rivers rise slowly, about 10-15 cm per day.
419
Floodwaters peak in late September, or early October, at levels of 3-4 m height. At this point,
420
inundation is widest, affecting some half of the total area of the delta (Tri, 2012) .
421
We determined the extent of flooding by the water levels measured at Tan Chau station in the protected by these dykes (Fig. 5 ).
As noted, however, development of flood control infrastructure has increased concern about 
Salinity intrusion
463
Salinity intrusion is an annual occurrence in the VMD during the dry season, from January to 
469
Before the current dykes and sluice gates were constructed, salinity intrusion affected the 470 whole coastal zone during the dry season, lasting more than six months every year (Tri, 2012) .
471
Consequences were particularly serious in the Ca Mau Peninsula, where the effects of salinity water.
475
The first salinity control project in the VMD was the Tiep Nhat system developed in Soc was not yet completed (Tri, 2012 ; Toan, 2014) (Fig. 5) . between freshwater and saltwater (Hoanh et al., 2012) .
543
The interplay between land-use dynamics and hydrological regime became more complex as conducting interviews with farmers on the history of land-use change.
608
We derived characteristics of the VMD hydrological regime from the literature, particularly 
